Pseudorecombinant isolates produced from an efficiently transmitted and a non-transmitted isolate of tobacco rattle tobravirus were tested for their transmissibility by trichodorid vector nematodes. Isolates with RNA-2 originating from the non-transmissible isolate were not transmitted by the vector, whereas isolates with RNA-2 originating from the efficiently transmitted isolate were transmitted efficiently. It is therefore concluded that the factor determining vector transmissibility is located on the RNA-2 genome segment of TRV. Because the serological properties of the isolates also correlate with transmissibility, it is likely that the virus particle protein is involved in the transmission process.
RNA-2 of tobacco rattle virus encodes the determinants of transmissibility by trichodorid vector nematodes
Pseudorecombinant isolates produced from an efficiently transmitted and a non-transmitted isolate of tobacco rattle tobravirus were tested for their transmissibility by trichodorid vector nematodes. Isolates with RNA-2 originating from the non-transmissible isolate were not transmitted by the vector, whereas isolates with RNA-2 originating from the efficiently transmitted isolate were transmitted efficiently. It is therefore concluded that the factor determining vector transmissibility is located on the RNA-2 genome segment of TRV. Because the serological properties of the isolates also correlate with transmissibility, it is likely that the virus particle protein is involved in the transmission process.
Tobacco rattle virus (TRV) is the type member of the tobravirus group and has a bipartite single-stranded positive-sense RNA genome. The two genome parts are contained in rod-shaped particles occurring predominantly as either long (L) particles, which contain RNA-1, or short (S) particles, which contain RNA-2. The gene for the particle protein is in RNA-2. TRV occurs as a large number of serologically distinct isolates as a result of variation in the particle protein gene (Robinson & Harrison, 1985a) . By mixing S particles or RNA-2 from one TRV isolate with L particles or RNA-1 from another isolate, pseudorecombinant isolates are readily obtained (Robinson & Harrison, 1985a) .
TRV is transmitted by soil-inhabiting Trichodorus and Paratrichodorus (trichodorid) nematode species and causes diseases in a number of crops including potatoes (spraing, stem mottle) and bulbous ornamentals (Robinson & Harrison, 1989) . Brown et al. (1989a) and Ploeg et al. (1992a) reported that different trichodorid species were associated with serologically distinct TRV isolates. Ploeg et al. (1992b) subsequently demonstrated that initially virus-free Paratrichodorus pachydermus successfully acquired and transmitted only TRV isolates belonging to the PRN serotype, with which this vector species was associated in the field. However, even within the PRN serotype, differences in transmissibility of isolates were observed. In particular, isolate PLB was not transmitted, whereas isolate PPK20 was efficiently transmitted, by P. pachydermus nematodes (Ploeg et at., In this study, we tested the transmissibility of pseudorecombinant isolates produced from isolates PLB and PPK20 in order to determine the role of the different TRV genome segments in vector transmission.
PLB is a laboratory isolate that originated in potato in the Netherlands (Angenent et al., 1989) . PPK20 was isolated from Petunia hybrida roots and was originally transmitted by an individual P. pachydermus from Kinshaldy, Scotland (Ploeg et al., 1992a) . NM-type isolates, which contain RNA-1 but not RNA-2 or particle protein, were derived from PLB and PPK20 essentially as described by Robinson & Harrison (1985b) . Of 10 Nicotiana clevelandii plants inoculated with single lesions cut from PLB-inoculated Chenopodium amaranticolor leaves, four plants contained NM-type isolates, five contained particle-producing (Mtype) isolates and one was uninfected. Three out of 10 N. clevelandii plants inoculated with single lesions from PPK20-inoculated C. amaranticolor leaves were shown to be infected with NM-type virus, five with M-type virus and two were not infected. For both PLB and PPK20, one NM-type-infected N. clevelandii plant was used as an RNA-1 source for the production of pseudorecombinant isolates. Table 1 shows that these NM-RNA inocula did not retain infectivity after a threefold freezing and thawing cycle, indicating that no RNA-2 was present (Cadman, 1962) .
Particles of isolates PLB and PPK20 were purified from systemically infected leaves of N. clevelandii as described by Robinson & Harrison (1985 b) , omitting the titration of sap to pH 8.0 and using as resuspending buffer 17 mM-phosphate pH 8'0. S particles of both isolates were obtained by two cycles of centrifugation in sucrose gradients containing 17mM-phosphate buffer 0001-1525 © 1993 SGM pH 8"0 as described by Kurppa et al. (1981) . Inoculation of a 100-fold dilution of the PPK20 S particle preparation and a 10-fold dilution of the PLB S particle preparation onto C. amaranticolor leaves induced no lesions (Table  1) . S particle preparations at these respective dilutions, together with RNA-1 extracted from N. clevelandii leaves infected with NM-type isolates (Harrison & Robinson, 1982) , were used for the production of pseudorecombinant isolates. These mixed inocula caused numerous lesions in C. amaranticolor (Table 1) , and of those isolates from single lesions that resisted freezing and thawing, almost all must have contained RNA-1 and RNA-2 from the NM-type isolate and the S particle preparation respectively. The nomenclature of the pseudorecombinant isolates was as follows: B1K2 was PLB RNA-1 with PPK20 S particles; K1B2 was PPK20 RNA-1 with PLB S particles; B1B2 was reconstituted PLB; K1K2 was reconstituted PPK20. For each of the reconstituted 'parent' combinations (B1B2 and K1K2) one single lesion isolate, and for each of the two pseudorecombinants four single lesion isolates (B1K2~d and K1B2~a ), were propagated in N. clevelandii. The eight selected pseudorecombinant isolates (B1K2~a, K1B2~_o), the reconstituted isolates (B1B2 and K1K2) and isolates PPK20 and PLB all gave positive reactions in F(ab')2-ELISA (Barbara & Clark, 1982; Ploeg et al., 1992a) when virus particles were trapped with the F(ab')2 fragment and detected with y-globulin of PRN antiserum (A4ossample/A4o~healthy > 4). However, when monoclonal antibody SCR81, which was prepared using isolate PLB as immunogen (F. J. Legorburu, personal communication), was used instead as the detecting antibody (in tissue culture fluid, diluted 1/30), only the four K1B2 pseudorecombinant isolates, the reconstituted isolate B1B2 and isolate PLB gave positive reactions (A4ossample/A~o~healthy > 10), whereas the four B1K2 pseudorecombinant isolates, the reconstituted K1K2 isolate and isolate PPK20 failed to react (A~ossample/A4o~healthy < 1.5). All the pseudorecombinant and reconstituted isolates thus contained particle protein corresponding to the parent isolate from which RNA-2 had been derived.
Each of the eight pseudorecombinant isolates (B1K2~, K1B2~d ) was mechanically inoculated onto carborundum-dusted leaves of four 8-week-old P. hybrida plants. A further eight P. hybrida plants were inoculated with the reconstituted 'parent' B1B2 and eight were inoculated with K1K2. At 10 days after inoculation, part of the root system of each P. hybrida plant was macerated in a mortar with a pestle and was then inoculated onto a C. amaranticolor indicator plant. Virus was detected less often in roots of P. hybrida plants inoculated with isolates where RNA-2 was derived from isolate PLB than when RNA-2 was derived from isolate PPK20 (Table 2 ). For each of the pseudorecombinant isolates two, and for each of the reconstituted parents four, P. hybrida plants (the roots of which were found to be infected) were used as virus source plants for the nematodes in virus acquisition and transmission tests.
Virus-free nematodes were extracted from soil from Woodhill, Scotland using a modified sieving and decanting method (Brown & Boag, 1988) . Acquisition and transmission tests were as described by Brown et al. (1989b) . Five ml of nematode suspension containing approximately 120 trichodorids (mainly P. pachydermus, some Trichodorus primitivus) was added to each of the P. hybrida source plants. As a control, 5 ml of nematode suspension was also added to each of 16 virus-free P. hybrida plants. After a 3 week acquisition period the nematodes were extracted from the source plants. The comminuted root system of each source plant was inoculated onto an N. clevelandii plant which was subsequently tested for virus infection by F(ab')~-ELISA. These tests showed that the isolates had not changed in their serological characteristics during the virus acquisition period (results not shown). Virus was not detected in roots of 16 P. hybrida plants that had not been inoculated but to which about 120 nematodes had been allowed access, confirming that the nematodes were not naturally viruliferous.
Twenty trichodorids were hand-picked from the nematode suspensions extracted from each of the pseudorecombinant virus source plants. Ten were transferred to each of two 0"5 ml plastic capsules to which a P.
hybrida seedling was added and subsequently processed as described by Brown et al. (1989b) . The remainder of each total nematode suspension was added to a 4-weekold virus-free P. hybrida plant in a 25 ml plastic pot, as described by Brown et al. (1989b) . After 14 days, trichodorids were recovered from each capsule and pot, counted, and individual nematodes were identified to species level. From each capsule, at least five, and on average eight, nematodes were recovered, at least four of which were P. pachydermus adults. An average of 80 nematodes were recovered from each pot. There was no significant difference in the numbers of trichodorid nematodes recovered from bait plants to which groups of 10 nematodes from source plants infected with B1K2 or with K1B2 pseudorecombinant isolates had been added (t-test, t~6 = 1.31 ns). There was also no difference in numbers recovered from bait plants to which uncounted nematodes from source plants infected with B1B2, K1K2, B1K2 and K1B2 isolates had been added (ANOVA, F~a8 = 1.12 ns). Differences in the infection rates of bait plants therefore cannot be attributed to differences in nematode survival.
Roots of the bait plants were tested for the presence of virus (Brown et al., 1989b) . Nematodes which had been allowed access to reconstituted isolate K1K2 or to pseudorecombinant isolates B1K2~d transmitted these isolates to P. hybrida bait plants. No transmission of isolates B1B2 or K1B2~_~ occurred (Table 3 ). All isolates that were recovered from bait plant roots reacted positively in F(ab')2-ELISA when y-globulin from PRN antiserum was used as the detecting antibody, but failed to react when monoclonal antibody SCRS1 was used (results not shown). Therefore, all transmitted isolates were serologically similar to the source isolate in each case, and to isolate PPK20.
Thus, P. pachydermus nematodes did not transmit pseudorecombinant or reconstituted TRV isolates when the RNA-2 of these isolates was derived from the vectornon-transmissible isolate PLB. Conversely, when RNA- t Where three bait plants were used, two each received 10 handpicked nematodes and the third received the remainder of the suspension recovered from the source plant. Where only one bait plant was used, it received the whole of the suspension recovered from the source plant.
2 from pseudorecombinant and reconstituted isolates had originated from the efficiently vector-transmitted isolate PPK20, the resulting isolates were efficiently transmitted by P. pachydermus nematodes. It can be concluded, therefore, that transmissibility of these isolates by P. pachydermus is controlled by RNA-2. The serological response of pseudorecombinant isolates as determined in F(ab)2-ELISA correlated with their vector transmissibility. This would suggest that, as with a number of other plant viruses (Harrison & Murant, 1984) , the virus coat protein is involved in vector transmission. A comparison of the particle protein amino acid sequences of isolates PLB and PPK20 revealed 88 % identity (J. F. Bol, personal communication). Which differences in the amino acid sequence of these proteins are relevant in vector transmissibility, and how these differences might affect recognition between vector and virus, remains to be studied. Apart from the particle protein gene, RNA-2 of isolate PLB contains a second gene which encodes a 16K protein and also occurs in RNA-1 (Angenent et al., 1989) . Initially, it was suggested that the 16K protein might be involved in vector transmission (Boccara et al., 1986) , although this idea was later rejected by Guilford et al. (1991) . It is not known whether RNA-2 of isolate PPK20 contains genes additional to the particle protein gene. Consequently, although it is likely that the particle protein of TRV is involved in transmission by trichodorid vectors, one or more additional RNA-2 gene(s) could also have a role.
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